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ɻʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʈʦʩʩʠʷ  

ɸʥʥʦʪʘʮʠʷ. ʅʘ ʧʨʠʤʝʨʝ ʘʥʘʣʠʟʘ ʪʝʨʨʠʪʦʨʠʠ ʥʝʥʘʨʫʰʝʥʥʦʛʦ ʣʝʩʥʦʛʦ ʤʘʩʩʠʚʘ ʚ ʤʘʩʰʪʘʙʝ 1:10000 ʥʘ 

ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʘʭ Landsat ʠ DigitalGlobe ʧʦʢʘʟʘʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʨʘʟʥʦʚʨʝʤʝʥʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʧʨʠ ʦʮʝʥʢʝ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩ-ʪʠʢ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ. ɸʥʘʣʠʟ 

ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ ʥʝʫʧʨʘʚʣʷʝʤʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʝʪʦʜʦʤ ISODATA ʠ ʪʝʤʘʪʠʯʝʩʢʦʡ ʨʘʟʥʦʩʪʠ. 

ʊʝʤʘʪʠʯʝʩʢʘʷ ʨʘʟʥʦʩʪʴ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʘ 2, 4, 6, 10, 16 ʢʣʘʩʩʦʚ. 

ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʛʦʥʦʚ ʣʝʩʥʦʛʦ ʤʘʩʩʠʚʘ ʧʦ ʟʥʘʯʝʥʠʷʤ ʠʥʜʝʢʩʘ ʚʝʛʝʪʘʮʠʠ NDVI, 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʠ ʠʥʜʝʢʩʘ SWIR, ʩʚʷʟʘʥʥʦʛʦ ʩ ʚʣʘʞʥʦʩʪʴʶ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʝ ʚʩʝʛʜʘ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʣʝʩʠʩʪʦʩʪʠ ʧʦʣʠʛʦʥʘ ʩʚʷʟʘʥʳ ʩ ʚʳʩʦʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ 

ʚʣʘʛʦʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʣʝʩʦʚ. ʅʘ ʩʥʠʤʢʘʭ ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ 20 ʣʝʪ (1995 ʠ 2015 ʛʛ.) ʩʦʭʨʘʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ 

ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʧʦʢʘʟʘʪʝʣʷ ʣʝʩʠʩʪʦʩʪʠ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʚʣʘʛʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʣʝʩʦʚ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʧʦʢʘʟʘʪʝʣʷ ʣʝʩʠʩʪʦʩʪʠ (ʠʥʜʝʢʩ ʣʝʩʠʩʪʦʩʪʠ) ʠ ʧʦʢʘʟʘʪʝʣʷ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ 1 ʢʣʘʩʩʦʤ (ʣʝʩʘ) ʠ 2 ʢʣʘʩʩʦʤ 

(ʧʫʩʪʦʰʠ). ʂʦʵʬʬʠ-ʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʥʠʤʠ ʩʦʩʪʘʚʠʣ 0,99996. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʣʝʩʠʩʪʦʩʪʠ ʚʦʟʨʘʩʪʘʝʪ ʜʦʣʷ ʢʣʘʩʪʝʨʦʚ ʩʦ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʷʨʢʦʩʪʠ. ɽʩʣʠ ʜʦ ʟʥʘʯʝʥʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʣʝʩʠʩʪʦʩʪʠ 0,547 ʧʨʝʦʙʣʘʜʘʶʪ ʧʠʢʩʝʣʳ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷ-ʤʠ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʷʨʢʦʩʪʠ, ʪʦ ʧʦʩʣʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʣʝʩʠʩʪʦʩʪʠ 0,577 ʠ ʚʳʰʝ ʧʨʝʦʙʣʘʜʘʶʪ ʢʣʘʩʩʳ ʩ 

ʧʠʢʩʝʣʷʤʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʷʨʢʦʩʪʠ. ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʝʨʠʡ ʧʦʣʠʛʦʥʦʚ ʩ 

ʠʟʤʝʥʷʶʱʠʤʩʷ ʤʘʩʰʪʘʙʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ, ʦʜʥʦʨʦʜʥʦʩʪʠ ʣʝʩʥʳʭ ʤʘʩʩʠʚʦʚ, ʦʮʝʥʢʠ 

ʛʫʩʪʦʪʳ ʜʨʝʚʦʩʪʦʷ. ʇʦʢʘʟʘʥʦ, ʯʝʤ ʚʳʰʝ ʛʫʩʪʦʪʘ ʜʨʝʚʦʩʪʦʷ, ʪʝʤ ʙʦʣʴʰʝ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ 1 ʢʣʘʩʩʦʤ (ʣʝʩʘ) ʠ 2 

ʢʣʘʩʩʦʤ (ʧʫʩʪʦʰʠ). ʆʧʨʝʜʝʣʝʥʠʝ F-ʪʝʩʪʘ ʥʘ ʩʭʦʞʝʩʪʴ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ, ʥʘʩʢʦʣʴʢʦ 

ʦʜʥʦʨʦʜʥʳ ʠʩʩʣʝʜʫʝʤʳʝ ʣʝʩʥʳʝ ʤʘʩʩʠʚʳ. ʉʨʘʚʥʝʥʠʝ ʤʘʩʩʠʚʦʚ ʣʝʩʘ ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʜʠʩʧʝʨʩʠʠ ʧʦʢʘʟʘʣʦ 

ʧʷʪʠʢʨʘʪʥʦʝ ʧʨʝʚʳʰʝʥʠʝ ʜʠʩʧʝʨʩʠʠ ʨʘʟʥʳʭ ʧʦʣʠʛʦʥʦʚ ʧʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʘ 10 ʢʣʘʩʩʦʚ ʤʝʞʜʫ 

ʥʝʦʜʥʦʨʦʜʥʳʤʠ ʠ ʦʜʥʦʨʦʜʥʳʤʠ ʤʘʩʩʠʚʘʤʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʰʠʬʨʠʨʦʚʘʥʠʝ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ Isodata, ʪʝʤʘʪʠʯʝʩʢʘʷ ʨʘʟʥʦʩʪʴ, 

ʠʥʜʝʢʩ NDVI, ʠʥʜʝʢʩ SWVI, ʣʝʩʠʩʪʦʩʪ,ɹ ʩʦʦʪʥʦʰʝʥʠʝ ʜʨʝʚʦʩʪʦʷ ʠ ʧʫʩʪʦʰʝʡ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʣʝʩʦʚ, 
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Abstract. On the example of the analysis of the undisturbed forest massif territory on a scale of 1:10000, Landsat 

and DigitalGlobe satellite images show the prospect of using cluster analysis of different space images in assessing 

the structural characteristics of forest ecosystems. The analysis was carried out with the help of unmanaged 

classification by the ISODATA method and the thematic difference. The thematic difference was calculated between 

classification results for 2, 4, 6, 10, 16 classes. Comparison of different forest ranges based on the NDVI vegetation 

index associated with forest ecosystems productivity and SWIR index associated with moisture was conducted. It 

shows that high values of forest cover on testing site are not always associated with high productivity and high 

moisture availability of forests. In pictures showing the interval of 20 years (1995 and 2015), the ratio between the 

indicator of forest cover values, productivity and moisture availability of forests is maintained. The analysis of forest 

cover indicator (the index of forest cover) and the index of difference between 1 class (forest) and 2 class (wasteland) 

is carried out. The correlation coefficient between them was 0.99996. It is shown that with increasing forest cover the 

share of clusters with average spectral brightness increases. If pixels with maximum and minimum spectral 

brightness values predominate before the values of the forest cover coefficient of 0.547, the classes with pixels of the 

average spectral brightness values prevail after the value of the forest cover coefficient of 0.577 and higher. A series 

of polygons with varying scales was studied in order to determine the similarity criteria, homogeneity of forest tracts, 

and to estimate the density of the stand. It is shown that the higher the density of the stand, the greater the difference 

between the 1st class (forest) and the 2nd class (wasteland). The determination of the F-test for the similarity of data 

sets made it possible to assess how homogeneous the forest areas under investigation are. Comparison of forest 

arrays by the variance indicator showed a fivefold increase in the variance of different polygons when classified into 

10 classes between heterogeneous and homogeneous arrays.  

Keywords: interpretation of space images, Isodata classification, thematic difference, NDVI index, SWVI index, 

woodiness, ratio of stand and wasteland, productivity of forests, moisture content of plants.  

ɺʚʝʜʝʥʠʝ  
ɼʣʷ ʮʝʣʝʡ ʤʦʥʠʪʦʨʠʥʛʘ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʣʝʩʦʚ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʧʝʨʦʚ ʜʣʷ ʦʮʝʥʢʠ 

ʩʦʭʨʘʥʥʦʩʪʠ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʣʝʩʦʚ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʦʙʱʘʷ ʣʝʩʠʩʪʦʩʪʴ, 

ʬʨʘʛʤʝʥʪʘʮʠʷ ʣʝʩʥʦʛʦ ʧʦʢʨʦʚʘ, ʜʦʣʷ ʚʪʦʨʠʯʥʳʭ (ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʭ) ʣʝʩʦʚ, ʨʘʟʚʠʪʠʝ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʜʦʣʷ ʦʭʨʘʥʷʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ ʨʘʟʥʦʛʦ ʧʦʜʯʠʥʝʥʠʷ [1, 2]. ʂʨʦʤʝ 

ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʢʦʩʤʠʯʝʩ-ʢʠʭ ʩʥʠʤʢʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʦʩʥʦʚʥʳʭ ʪʘʢʩʘʮʠʦʥʥʦ-ʜʝʰʠʬʨʦʚʦʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ [3], ʪʨʝʭʤʝʨʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʩʪʨʫʢʪʫʨʳ ʠ ʜʠʥʘʤʠʢʠ ʪʘʝʞʥʳʭ ʣʘʥʜʰʘʬʪʦʚ [4-6], ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ [7]. ɺ 

ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʠhʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʢʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ [8, 9]. ʅʠʞʝ 

ʧʨʠʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʧʨʠ 

ʜʝʰʠʬʨʠʨʦʚʘʥʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʚʳʩʦʢʦʛʦ ʠ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʡ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʙʦʨʝʘʣʴʥʳʭ ʣʝʩʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʜʝʰʠʬʨʠʨʦʚʘʥʠʝ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ Landsat TM/ɽʊʄ+, Landsat 8 (ʨʘʟʨʝʰʝʥʠʝ 30 ʤ/ʧʠʢʩ.) ʠ RGB-ʧʦʢʨʳʪʠʷ 

DigitalGlobe ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (ʨʘʟʨʝʰʝʥʠʝ 0,6 ʤ/ʧʠʢʩ.). ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʆʣʝʢʤʠʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ. ʀʟʫʯʘʝʤʳʡ ʣʝʩʥʦʡ 

ʤʘʩʩʠʚ ʨʘʩʧʦʣʦʞʝʥ ʫ ʠʩʪʦʢʘ ʨʫʯʴʷ ʂʫʨʫʥʛʥʘʭ, ʧʨʠʪʦʢʘ ʨʝʢʠ ʂʨʠʝʩʪʷʭ. ɼʣʷ ʦʙʨʘʙʦʪʢʠ 

ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ ENVI-4.0, ArcGis 10.3, ArcView-3.3 c 

ʤʦʜʫʣʷʤʠ Image Analyst, Spatial Analyst. ɺ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝ-ʣʝʡ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʣʝʩʦʚ, ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʚʘ ʠʥʩʪʨʫʤʝʥʪʘ ʢʣʘʩʪʝʨʥʦʛʦ 

ʘʥʘʣʠʟʘ: ʢʣʘʩʩʠʬʠʢʘʮʠʷ ISODATA ʠ ʪʝʤʘʪʠʯʝʩʢʘʷ ʨʘʟʥʦʩʪʴ ʧʠʢʩʝʣʝʡ [10] .  

ɺ ʦʩʥʦʚʫ ʠʥʩʪʨʫʤʝʥʪʘ ʥʝʫʧʨʘʚʣʷʝʤʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʩʥʠʤʢʦʚ ʟʘʣʦʞʝʥ 

ʤʝʪʦʜ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ISODATA, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʯʠʩʣʦ ʠʪʝʨʘʮʠʡ 

(ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʧʠʢʩʝʣʦʚ ʧʦ ʢʣʘʩʩʘʤ), ʠ ʧʦʨʦʛ ʩʭʦʜʠʤʦʩʪʠ ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʢʣʘʩʩʦʚ. ɺʳʙʨʘʥʥʳʡ 

ʤʝʪʦʜ ʥʝʫʧʨʘʚʣʷʝʤʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʷʚʣʷʝʪʩʷ ʩʘʤʦʦʨʛʘʥʠʟʫʶ-ʱʠʤʩʷ, ʪʘʢ ʢʘʢ ʠʩʩʣʝʜʦʚʘʪʝʣʴ 

ʫʢʘʟʳʚʘʝʪ ʪʦʣʴʢʦ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʩʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʥʫʞʥʦ ʨʘʟʙʠʪʴ ʚʝʩʴ ʤʘʩʩʠʚ ʜʘʥʥʳʭ [11]. ʅʘʤʠ 

ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʥʠʤʢʦʚ ʥʘ 2, 4, 6, 10, 16 ʢʣʘʩʩʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʜʣʷ ʘʥʘʣʠʟʘ 

ʚʳʩʪʫʧʘʶʪ ʧʠʢʩʝʣʠ ʩʥʠʤʢʦʚ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦ ʰʢʘʣʝ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʫʨʦʯʠʱʘʤ (ʧʨʠ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʥʠʤʢʘ ʚ 30 ʤ ʨʘʟʤʝʨʳ ʧʠʢʩʝʣʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʣʦʱʘʜʠ 900 ʤ
2

), ʠ ʧʠʢʩʝʣʠ ʩʥʠʤʢʦʚ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦ ʰʢʘʣʝ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʪʜʝʣʴʥʳʤ ʦʨʛʘʥʠʟʤʘʤ. ʈʘʟʤʝʨʳ ʧʠʢʩʝʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʣʦʱʘʜʠ 



0,36 ʤ
2

.  

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʥʘ ʜʚʘ ʢʣʘʩʩʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʠʥʜʝʢʩ ʣʝʩʠʩʪʦʩʪʠ [2], ʢʦʪʦʨʳʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʠ, ʧʦʢʨʳʪʦʡ ʣʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, ʢ ʦʙʱʝʡ ʧʣʦʱʘʜʠ: D = 

df/S, ʛʜʝ: D ï ʣʝʩʠʩʪʦʩʪʴ; df ï ʧʣʦʱʘʜʴ, ʧʦʢʨʳʪʘʷ ʣʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴ-ʥʦʩʪʴʶ, ʤ
2

; S ï ʦʙʱʘʷ ʧʣʦʱʘʜʴ 

ʪʝʨʨʠʪʦʨʠʠ, ʤ
2

. ʅʠʞʝ ʧʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʷʟʠ ʠʥʜʝʢʩʘ ʣʝʩʠʩʪʦʩʪʠ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʨʘʟʥʦʩʪʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʪʝʤʘʪʠʯʝʩʢʦʡ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʢʘʥʘʣʘʤʠ.  

ʂʨʦʤʝ ʨʝʟʫʣʴʪʘʪʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʠʢʩʝʣʝʡ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʩʥʠʤʢʦʚ, ʦʙʨʘʙʦʪʢʝ ʩ 

ʧʦʤʦʱʴʶ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʜʚʝʨʛʘʣʠʩʴ ʧʨʦʠʟʚʦʜʥʳʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʦʪʥʦʰʝ-ʥʠʝ ʜʚʫʭ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ïʠʥʜʝʢʩ  NDVI  (4-3 ʢʘʥʘʣʳ) [12, 13], ʦʪʨʘʞʘʶʱʠʡ ʠʟʤʝʥʝ-ʥʠʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʠʥʜʝʢʩ SWIR (4-5 ʢʘʥʘʣʳ ) [14], ʦʪʨʘʞʘʶʱʠʡ ʩʦʩʪʦʷʥʠʝ ʫʚʣʘʞʥʝʥʠʷ.  

ɺ ʩʣʫʯʘʝ ʢʘʞʜʦʛʦ ʠʟ ʠʥʜʝʢʩʦʚ ʨʝʟʫʣʴʪʘʪʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʘʩʧʨʝʜʝʣʠʣʠʩʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: ʧʦ ʠʥʜʝʢʩʫ ʚʝʛʝʪʘʮʠʠ (NDVI) ʚ ʧʝʨʚʳʡ ʢʣʘʩʩ ʚʦʰʣʠ ʫʯʘʩʪʢʠ ʩ ʚʳʩʦʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ 

(ʦʪ 0,31 ʜʦ 0,65), ʚʦ ʚʪʦʨʦʡ ʢʣʘʩʩ ï ʫʯʘʩʪʢʠ ʩ ʥʠʟʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ (ʦʪ 0 ʜʦ 0,3); ʧʦ ʠʥʜʝʢʩʫ 

SWIR ʚ ʧʝʨʚʳʡ ʢʣʘʩʩ ʚʦʰʣʠ ʫʯʘʩʪʢʠ ʩ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠʥʜʝʢʩʘ (-0,15-0,09), ʚʦ ʚʪʦʨʦʡ ʢʣʘʩʩ 

ï ʫʯʘʩʪʢʠ ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠʥʜʝʢʩʘ (0,10-0,15) [15].  

ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʝʨʠʠ ʬʨʘʛʤʝʥʪʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʩ 

ʨʘʟʥʦʡ ʧʣʦʱʘʜʴʶ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ. ʉʦʭʨʘʥʷʣʠʩʴ ʬʨʘʛʤʝʥʪʳ ʧʦ ʨʘʟʤʝʨʫ ʵʢʨʘʥʘ ʜʠʩʧʣʝʷ ʩ ʨʘʟʥʳʤ 

ʤʘʩʰʪʘʙʦʤ [10, 16]. ɼʣʷ ʘʥʘʣʠʟʘ ʚʳʜʝʣʝʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʣʝʩʥʳʭ ʤʘʩʩʠʚʦʚ ʧʦ ʢʨʠʪʝʨʠʷʤ ʧʦʜʦʙʠʷ 

ʠ ʦʜʥʦʨʦʜʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʟ Microsoft Excel. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʩʦʚʤʝʩʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʚʫʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʠʢʩʝʣʝʡ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ  
ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʣʝʩʥʦʛʦ ʤʘʩʩʠʚʘ ʤʘʩʰʪʘʙʘ 1:10000 ʠ 

ʯʝʪʳʨʝʭ ʬʨʘʛʤʝʥʪʦʚ, ʝʛʦ ʩʣʘʛʘʶʱʠʭ ʥʘ ʩʥʠʤʢʘʭ Landsat-8 ʠ  DigitalGlobe (ʨʠʩ. 1). ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʠʢʩʝʣʝʡ ʧʦ ʢʣʘʩʩʘʤ ʦʢʘʟʘʣʦʩʴ ʩʭʦʜʥʳʤ (ʪʘʙʣ. 1). ʉʘʤʳʤ ʣʝʩʠʩʪʳʤ ʷʚʣʷʝʪʩʷ ʬʨʘʛʤʝʥʪ 500.1 ʩ 

ʥʘʠʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʠʢʩʝʣʝʡ ʚ ʧʝʨʚʦʤ ʢʣʘʩʩʝ ʠ ʥʘʠʙʦʣʴʰʝʡ ʨʘʟʥʦʩʪʴʶ ʤʝʞʜʫ 1 ʠ 2 

ʢʣʘʩʩʘʤʠ. ʅʘʠʤʝʥʝʝ ʣʝʩʠʩʪʳʤ ʷʚʣʷʝʪʩʷ ʬʨʘʛʤʝʥʪ 500.4 ʩ ʥʘʠʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʠʢʩʝʣʝʡ ʚ 1 

ʢʣʘʩʩʝ ʠ ʥʘʠʤʝʥʴʰʝʡ ʨʘʟʥʦʩʪʴʶ  

 

ʈʠʩ. 1. ʉʨʘʚʥʝʥʠʝ ʣʝʩʥʦʛʦ ʤʘʩʩʠʚʘ ʚ ʤʘʩʰʪʘʙʝ 1:10000 ʥʘ ʩʥʠʤʢʝ Landsat-8 (ʘʚʛʫʩʪ 2015 

ʛ.) ʠ ʩʥʠʤʢʝ DigitalGlobe (ʘʚʛʫʩʪ 2014 ʛ.)  

ʊʘʙʣʠʮʘ 1  

ʈʝʟʫʣʴʪʘʪʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ  ʩʥʠʤʢʘ ʣʝʩʥʦʛʦ ʤʘʩʩʠʚʘ ʥʘ ʬʨʘʛʤʝʥʪʘʭ ʩʥʠʤʢʦʚ  ʤʘʩʰʪʘʙʘ 1:10000 ʠ 

1:5000 

ʉʥʠʤʦʢ DigitalGlobe  1:10000  1:5000-1  1:5000-2  1:5000-3  1:5000-4  

1-ʡ ʢʣʘʩʩ ʣʝʩʘ  31880185  8651707  8123273  7639902  7270740  

2-ʡ ʢʣʘʩʩ ʧʫʩʪʦʰʠ  24854402  5429543  5922080  6319962  6431852  

ʈʘʟʥʦʩʪʴ ʤʝʞʜʫ 1 ʠ 2 ʢʣʘʩʩʦʤ  7025783  3222164  2201193  1319940  838888  

ʉʥʠʤʦʢ Landsat-8  1:10000  1:5000-1  1:5000-2  1:5000-3  1:5000-4  

1-ʡ ʢʣʘʩʩ ʣʝʩʘ  4426  1311  1214  1130  942  

2-ʡ ʢʣʘʩʩ ʧʫʩʪʦʰʠ  3014  569  626  710  938  



ʈʘʟʥʦʩʪʴ ʤʝʞʜʫ 1 ʠ 2 ʢʣʘʩʩʦʤ  1412  742  588  420  4  

 
ʤʝʞʜʫ 1 ʠ 2 ʢʣʘʩʩʘʤʠ. ɼʣʷ ʥʝʛʦ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʦ ʩʘʤʦʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʠʢʩʝʣʝʡ 2 

ʢʣʘʩʩʘ, ʦʪʨʘʞʘʶʱʝʛʦ ʜʦʣʶ ʦʪʢʨʳʪʳʭ ʧʨʦʩʪʨʘʥʩʪʚ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʙʦʣʴʰʫʶ ʯʘʩʪʴ 

ʬʨʘʛʤʝʥʪʘ 500.4 ʟʘʥʠʤʘʶʪ ʨʝʜʢʦʣʝʩʴʷ ʚ ʠʩʪʦʢʝ ʨʫʯʴʷ.  

ɽʱʝ ʙʦʣʴʰʠʝ ʨʘʟʣʠʯʠʷ ʦʪʤʝʯʘʶʪʩʷ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʬʨʘʛʤʝʥʪʦʚ 

ʩʥʠʤʢʦʚ ʠ ʠʥʜʝʢʩʦʚ NDVI (ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ) ʠ SWIR (ʚʣʘʞʥʦʩʪʠ), ʩʜʝʣʘʥʥʳʭ ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ 20 

ʣʝʪ (ʪʘʙʣ. 2).  

ʊʘʙʣʠʮʘ 2  

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʬʨʘʛʤʝʥʪʦʚ ʣʝʩʥʦʛʦ ʤʘʩʩʠʚʘ ʥʘ ʣʝʪʥʠʭ ʩʥʠʤʢʘʭ Landsat, 

ʩʜʝʣʘʥʥʳʭ ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ 20 ʣʝʪ (ʚ 1995 ʠ 2015 ʛʛ.)  

ʉʥʠʤʦʢ Landsat  
ɺʩʝ 

ʢʘʥʘʣʳ  

ʀʥʜʝʢʩ 

NDVI  

ʀʥʜʝʢʩ  

SWIR  

ɺʩʝ 

ʢʘʥʘʣʳ  

ʀʥʜʝʢʩ 

NDVI  

ʀʥʜʝʢʩ  

SWIR  

ɼʘʪʘ ʩʲʝʤʢʠ  
ʘʚʛʫʩʪ 

2015 ʛ.  

ʘʚʛʫʩʪ 

2015 ʛ.  

ʘʚʛʫʩʪ 

2015 ʛ.  

ʠʶʣʴ 

1995 ʛ.  

ʠʶʣʴ 

1995 ʛ.  

ʠʶʣʴ 

1995 ʛ.  

ʅʦʤʝʨ ʬʨʘʛʤʝʥʪʘ  5000-1  5000-1  5000-1  5000-1  5000-1  5000-1  

1 ʢʣʘʩʩ  1311  1204  654  1374  1115  746  

 

2 ʢʣʘʩʩ  569  636  1186  594  853  1140  

ʈʘʟʥʦʩʪʴ ʤʝʞʜʫ 1 ʠ 2 ʢʣ.  742  568  -532  780  262  -394  

ʅʦʤʝʨ ʬʨʘʛʤʝʥʪʘ  5000-2  5000-2  5000-2  5000-2  5000-2  5000-2  

1 ʢʣʘʩʩ  1214  528  986  1120  854  1129  

2 ʢʣʘʩʩ  626  1302  854  848  1114  728  

ʈʘʟʥʦʩʪʴ ʤʝʞʜʫ 1 ʠ 2 ʢʣ.  588  -774  132  272  -260  401  

ʅʦʤʝʨ ʬʨʘʛʤʝʥʪʘ  5000-3  5000-3  5000-3  5000-3  5000-3  5000-3  

1 ʢʣʘʩʩ  1130  873  651  1120  966  897  

2 ʢʣʘʩʩ  710  967  1189  848  1002  981  

ʈʘʟʥʦʩʪʴ ʤʝʞʜʫ 1 ʠ 2 ʢʣ.  420  -94  -538  272  -36  -84  

ʅʦʤʝʨ ʬʨʘʛʤʝʥʪʘ  5000-4  5000-4  5000-4  5000-4  5000-4  5000-4  

1 ʢʣʘʩʩ  942  655  882  1053  725  864  

2 ʢʣʘʩʩ  938  1185  958  915  1243  1045  

ʈʘʟʥʦʩʪʴ ʤʝʞʜʫ 1 ʠ 2 ʢʣ.  
4  -530  -76  138  -518  -181  

 

ʊʘʙʣʠʮʘ 3  

ʉʚʷʟʴ ʤʝʞʜʫ ʠʥʜʝʢʩʦʤ ʣʝʩʠʩʪʦʩʪʠ ʠ ʨʘʟʥʦʩʪʴʶ ʤʝʞʜʫ 1 ʢʣʘʩʩʦʤ (ʣʝʩʘ) ʠ 2 

ʢʣʘʩʩʦʤ (ʧʫʩʪʦʰʠ)  

ʀʥʜʝʢʩ 

ʣʝʩʠʩʪʦʩʪʠ  
0,511  0,517  0,527  0,545  0,547  0,577  0,641  0,657  0,679  0,728  0,755  

ʈʘʟʥʦʩʪʴ 

ʤʝʞʜʫ 1 ʠ 

2 ʢʣʘʩʩʦʤ 

(ʧʠʢʩʝʣʠ)  

18816  30035  47730  79220  82446  135690  247106  276807  311887  403378  453142  

 



ɼʣʷ ʩʘʤʦʛʦ ʣʝʩʠʩʪʦʛʦ ʬʨʘʛʤʝʥʪʘ 500.1 ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʦ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʠʢʩʝʣʝʡ ʩ 

ʚʳʩʦʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʠ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʠʢʩʝʣʝʡ ʩ ʥʠʟʢʦʡ ʚʣʘʞʥʦʩʪʴʶ (2 ʢʣʘʩʩ 

ʠʥʜʝʢʩʘ SWIR). ʇʨʠʯʝʤ ʪʘʢʘʷ ʞʝ ʢʘʨʪʠʥʘ ʦʪʤʝʯʘʝʪʩʷ ʚ 1995 ʠ 2015 ʛʛ. ɼʣʷ ʬʨʘʛʤʝʥʪʘ 500.2, 

ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʣʝʩʠʩʪʦʩʪʴ, ʭʘʨʘʢʪʝʨʥʦ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʠʢʩʝʣʝʡ ʩ ʥʠʟʢʦʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʠ ʙʦʣʴʰʝʡ ʚʣʘʞʥʦʩʪʴʶ. ʌʨʘʛʤʝʥʪ 500.3 ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ 

ʣʝʩʠʩʪʦʩʪʴʶ, ʥʦ ʥʠʟʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʚʣʘʞʥʦʩʪʴʶ. ʅʘʢʦʥʝʮ, ʬʨʘʛʤʝʥʪ 500.4 

ʠʤʝʝʪ ʥʘʠʤʝʥʴʰʫʶ ʣʝʩʠʩʪʦʩʪʴ, ʥʘʠʤʝʥʴʰʫʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʠʢʩʝʣʝʡ ʩ ʥʠʟʢʦʡ ʠ ʚʳʩʦʢʦʡ ʚʣʘʞʥʦʩʪʴʶ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʷʟʠ ʠʥʜʝʢʩʘ ʣʝʩʠʩʪʦʩʪʠ ʩ ʨʘʟʥʦʩʪʴʶ ʤʝʞʜʫ 1 ʠ 2 ʢʣʘʩʩʘʤʠ ʙʳʣʠ 

ʧʦʜʛʦʪʦʚʣʝʥʳ ʩʝʨʠʠ ʧʦʣʠʛʦʥʦʚ ʦʜʠʥʘʢʦʚʦʛʦ ʨʘʟʤʝʨʘ ʠ ʤʘʩʰʪʘʙʘ, ʥʦ ʩ ʨʘʟʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʤʝʞʜʫ 

ʧʦʢʨʳʪʦʡ ʣʝʩʦʤ ʪʝʨʨʠʪʦʨʠʝʡ ʠ ʦʪʢʨʳʪʳʤʠ ʧʨʦʩʪʨʘʥʩʪʚʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣ. 3.  

ʋʩʪʘʥʦʚʣʝʥʘ ʪʝʩʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʵʪʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ: ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʨʘʚʝʥ 0,99996. 

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʘʪʠʯʝʩʢʦʡ ʨʘʟʥʦʩʪʠ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʧʦʜʢʣʘʩʩʘʤʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 4, 6, 10 ʢʣʘʩʩʦʚ, ʤʝʞʜʫ ʧʦʜʢʣʘʩʩʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʩʦʩʨʝʜʦʪʦʯʝʥʳ 

ʧʠʢʩʝʣʠ ʩ ʥʘʠʤʝʥʴʰʝʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʷʨʢʦʩʪʴʶ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʛʫʩʪʳʤʠ ʣʝʩʘʤʠ, ʠ ʧʦʜʢʣʘʩʩʘʤʠ ʩ 

ʥʘʠʙʦʣʴʰʝʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʷʨʢʦʩʪʴʶ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʦʪʢʨʳʪʳʤʠ ʧʨʦʩʪʨʘʥʩʪʚʘʤʠ. ɺ ʩʣʫʯʘʝ ʯʝʪʳʨʝʭ 

ʢʣʘʩʩʦʚ ʵʪʦ ʙʫʜʝʪ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ 1 ʠ 4 ʧʦʜʢʣʘʩʩʘʤʠ, ʚ ʩʣʫʯʘʝ ʰʝʩʪʠ ʢʣʘʩʩʦʚ ʵʪʦ ʙʫʜʝʪ ʨʘʟʥʦʩʪʴ 

ʤʝʞʜʫ ʩʫʤʤʘʤʠ 1, 2 ʠ 5, 6 ʧʦʜʢʣʘʩʩʦʚ, ʜʣʷ  
ʊʘʙʣʠʮʘ 4  

ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʧʦʜʢʣʘʩʩʘʤʠ ʪʝʤʘʪʠʯʝʩʢʦʡ ʨʘʟʥʦʩʪʠ ʧʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʘ 4 ʢʣʘʩʩʘ  

 

ʊʘʙʣʠʮʘ 5  

ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʧʦʜʢʣʘʩʩʘʤʠ ʪʝʤʘʪʠʯʝʩʢʦʡ ʨʘʟʥʦʩʪʠ ʧʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʘ 6 ʢʣʘʩʩʦʚ  

 

ʊʘʙʣʠʮʘ 6  

ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʧʦʜʢʣʘʩʩʘʤʠ ʪʝʤʘʪʠʯʝʩʢʦʡ ʨʘʟʥʦʩʪʠ ʧʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʘ 10 ʢʣʘʩʩʦʚ  



 

ʜʝʩʷʪʠ ʢʣʘʩʩʦʚ ʵʪʦ ʙʫʜʝʪ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʩʫʤʤʘʤʠ 1, 2, 3 ʠ 8, 9, 10 ʧʦʜʢʣʘʩʩʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʘ 

ʨʘʩʩʯʠʪʘʥʘ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʩʤʝʰʘʥʥʳʤʠ ʧʦʜʢʣʘʩʩʘʤʠ [8], ʚ ʢʦʪʦʨʳʭ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʧʠʢʩʝʣʠ ʩʦ 

ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʷʨʢʦʩʪʠ. ɺ ʩʣʫʯʘʝ ʯʝʪʳʨʝʭ ʢʣʘʩʩʦʚ ʵʪʦ ʙʫʜʝʪ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ 

2 ʠ 3 ʧʦʜʢʣʘʩʩʘʤʠ, ʜʣʷ 6 ʢʣʘʩʩʦʚ ï ʵʪʦ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ 3 ʠ 4 ʧʦʜʢʣʘʩʩʘʤʠ, ʜʣʷ 10 ʢʣʘʩʩʦʚ ï 

ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ 4, 5, 6, 7 ʧʦʜʢʣʘʩʩʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʣʠʩʴ ʢʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ 

ʠʥʜʝʢʩʦʤ ʣʝʩʠʩʪʦʩʪʠ (ʠʣʠ ʨʘʟʥʦʩʪʴʶ ʤʝʞʜʫ 1 ʢʣʘʩʩʦʤïʣʝʩʘ ʠ 2 ʢʣʘʩʩʦʤïʧʫʩʪʦʰʠ) ʠ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʞʜʫ ʩʤʝʰʘʥ-ʥʳʤʠ ʧʦʜʢʣʘʩʩʘʤʠ ʠ ʧʦʜʢʣʘʩʩʘʤʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʠ 

ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʷʨʢʦʩʪʠ (ʪʘʙʣ. 4, 5, 6).  

 

ʈʠʩ. 2. ʉʥʠʤʦʢ DigitalGlobe (ʘʚʛʫʩʪ 2014 ʛ.) ʣʝʩʥʦʛʦ ʤʘʩʩʠʚʘ ʚ ʤʘʩʰʪʘʙʝ 1:10000 ʩ ʬʨʘʛʤʝʥʪʘʤʠ, 

ʘʥʘʣʠʟʠʨʫʝʤʳʤʠ ʥʘ ʧʦʜʦʙʠʝ ʠ ʦʜʥʦʨʦʜʥʦʩʪʴ 

 



ʘ) ʙ)ʈʠʩ. 3. ʌʨʘʛʤʝʥʪʳ ʣʝʩʘ ʩ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʣʠʩʪʚʝʥʥʠʯʥʠʢʘ (ʨʝʜʢʦʩʪʦʡʥʦʛʦ) (ʘ) ʠ ʩʤʝʰʘʥʥʦʛʦ 

ʣʝʩʘ (ʙ). ʀʟʤʝʥʝʥʠʝ ʤʘʩʰʪʘʙʦʚ ʥʘ ʩʥʠʤʢʝ ʦʪ 1:100 ʜʦ 1:700 

ʅʘ ʚʩʝʭ ʪʨʝʭ ʛʨʘʬʠʢʘʭ ʚʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʣʝʩʠʩʪʦʩʪʠ ʠʣʠ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ 1 ʠ 2 

ʢʣʘʩʩʘʤʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʣʷ ʩʤʝʰʘʥʥʳʭ ʧʦʜʢʣʘʩʩʦʚ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʟʥʘʯʝʥʠʷ-ʤʠ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʷʨʢʦʩʪʠ. ɽʩʣʠ ʜʦ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ʣʝʩʠʩʪʦʩʪʠ 0,547 (ʜʦ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ 1 ʠ 2 

ʢʣʘʩʩʘʤʠ ï 82446 ʧʠʢʩʝʣʝʡ) ʧʨʝʦʙʣʘʜʘʶʪ ʧʠʢʩʝʣʠ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʠ ʤʠʥʠʤʘʣʴ-ʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʷʨʢʦʩʪʠ, ʪʦ ʥʘʯʠʥʘʷ ʩ ʠʥʜʝʢʩʘ ʣʝʩʠʩʪʦʩʪʠ 0,577 (ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ 1 ʠ 2 

ʢʣʘʩʩʘʤʠ ʚ 135690 ʧʠʢʩʝʣʝʡ) ʥʝʫʢʣʦʥʥʦ ʨʘʩʪʝʪ ʜʦʣʷ ʧʠʢʩʝʣʝʡ ʩʦ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʷʨʢʦʩʪʠ ʠʣʠ ʩʤʝʰʘʥʥʳʭ ʧʦʜʢʣʘʩʩʦʚ.  

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʧʦ ʛʫʩʪʦʪʝ ʜʨʝʚʦʩʪʦʷ, 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʧʦʜʦʙʠʷ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩʝʨʠʠ ʢʦʥʪʨʘʩʪʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʣʝʩʥʦʤ ʤʘʩʩʠʚʝ 

ʤʘʩʰʪʘʙʘ 1:10000 (ʨʠʩ. 2, 3, 4, 5).  

 
ʘ) ʙ)ʈʠʩ. 4 . ʌʨʘʛʤʝʥʪʳ ʣʝʩʘ ʩ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʣʠʩʪʚʝʥʥʠʯʥʠʢʘ (ʛʫʩʪʦʛʦ) (ʘ) ʠ ʤʘʩʩʠʚʘ ʚ ʠʩʪʦʢʝ ʨʫʯʴʷ (ʙ). 

ʀʟʤʝʥʝʥʠʝ ʤʘʩʰʪʘʙʦʚ ʥʘ ʩʥʠʤʢʝ ʦʪ 1:100 ʜʦ 1:700 

 

ʘ) ʙ)  

ʈʠʩ. 5 . ʌʨʘʛʤʝʥʪʳ ʣʝʩʘ ʩ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʩʦʩʥʳ ʦʙʳʢʥʦʚʝʥʥʦʡ (ʘ) ʠ ʣʠʩʪʚʝʥʥʠʮʳ (ʙ). ʀʟʤʝʥʝʥʠʝ 

ʤʘʩʰʪʘʙʦʚ ʥʘ ʩʥʠʤʢʝ  ʦʪ 1:100 ʜʦ 1:700  

ʂʨʠʪʝʨʠʝʤ ʛʫʩʪʦʪʳ ʜʨʝʚʦʩʪʦʷ ʷʚʣʷʝʪʩʷ ʨʘʟʙʨʦʩ ʤʝʞʜʫ 1 ʠ 2 ʢʣʘʩʩʘʤʠ ʧʨʠ ʢʣʘʩʩʠʬʠʢʘ-ʮʠʠ ʥʘ 2 

ʢʣʘʩʩʘ. ʏʝʤ ʙʦʣʝʝ ʛʫʩʪʦʡ ʜʨʝʚʦʩʪʦʡ, ʪʝʤ ʙʦʣʴʰʝ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ 1 ʠ 2 ʢʣʘʩʩʘʤʠ. ʕʪʦ ʚʠʜʥʦ ʥʘ ʨʠʩ. 

6 ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʨʝʜʢʦʩʪʦʡʥʦʛʦ (ʨʠʩ. 3ʘ) ʠ ʛʫʩʪʦʛʦ ʣʠʩʪʚʝʥʥʠʯʥʠʢʘ (ʨʠʩ. 4ʘ), ʤʘʩʩʠʚʘ ʩ 

ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʩʦʩʥʳ (ʨʠʩ. 5ʘ) ʠ ʣʠʩʪʚʝʥʥʠʮʳ (ʨʠʩ. 5ʙ). ɼʨʝʚʦʩʪʦʡ ʩ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʩʦʩʥʳ 

ʦʙʳʢʥʦʚʝʥʥʦʡ (ʨʠʩ. 5ʘ) ʙʦʣʝʝ ʨʝʜʢʠʡ, ʯʝʤ ʥʘ ʬʨʘʛʤʝʥʪʝ ʩ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʣʠʩʪʚʝʥʥʠʮʳ (ʨʠʩ. 5ʙ).  

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʦʣʠʛʦʥʦʚ ʧʦ ʢʨʠʪʝʨʠʶ ʦʜʥʦʨʦʜʥʦʩʪʠ ʚʩʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʪʝʤʘʪʠʯʝʩʢʦʡ 

ʨʘʟʥʦʩʪʠ ʬʨʘʛʤʝʥʪʦʚ ʨʘʟʥʳʭ ʤʘʩʰʪʘʙʦʚ ʙʳʣʠ ʧʝʨʝʩʯʠʪʘʥʳ ʠ ʧʨʠʚʝʜʝʥʳ ʢ ʨʘʟʤʝʨʘʤ ʧʦʣʠʛʦʥʘ 

ʤʘʩʰʪʘʙʘ 1:400. ʈʝʟʫʣʴʪʘʪʳ ʧʝʨʝʩʯʝʪʘ ʜʣʷ ʬʨʘʛʤʝʥʪʘ ʨʝʜʢʦʩʪʦʡʥʦʛʦ ʣʠʩʪʚʝʥʥʠʯʥʠʢʘ (ʨʠʩ. 3ʘ) 



ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 7. ʇʨʠ ʪʝʤʘʪʠʯʝʩʢʦʡ ʨʘʟʥʦʩʪʠ ʜʣʷ 6 ʢʣʘʩʩʦʚ ʚʩʝ ʯʝʪʳʨʝ ʨʷʜʘ ʟʥʘʯʝʥʠʡ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʘʨʘʣʣʝʣʴʥʳ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʨʝʚʦʩʪʦʷ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʘʩʰʪʘʙʘ. ʇʨʠ ʪʝʤʘʪʠʯʝʩʢʦʡ ʨʘʟʥʦʩʪʠ ʜʣʷ 10 ʢʣʘʩʩʦʚ ʠʟʤʝʥʯʠʚʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʜʨʝʚʦʩʪʦʷ ʦʪʤʝʯʘʝʪʩʷ ʜʣʷ 4 ʠ 5 ʨʷʜʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʠʢʩʝʣʝʡ.  

 

ʈʠʩ. 6. ʉʨʘʚʥʝʥʠʝ ʬʨʘʛʤʝʥʪʦʚ ʣʝʩʘ ʧʦ ʛʫʩʪʦʪʝ ʜʨʝʚʦʩʪʦʷ  

 

ʈʠʩ. 7. ʉʨʘʚʥʝʥʠʝ ʧʦʣʠʛʦʥʦʚ  ʦʜʥʦʨʦʜʥʦʛʦ ʣʝʩʥʦʛʦ  ʤʘʩʩʠʚʘ (ʣʠʩʪʚʝʥʥʠʯʥʠʢ ʨʝʜʢʦʩʪʦʡʥʳʡ, ʨʠʩ. 3 ʘ) ʩ 

ʧʦʣʠʛʦʥʦʤ ʤʘʩʰʪʘʙʘ 1: 400.  ʇʦʜʢʣʘʩʩ ʪʝʤʘʪʠʯʝʩʢʦʡ ʨʘʟʥʦʩʪʠ (ʣʝʩʘ) ʧʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʘ 6 ʢʣʘʩʩʦʚ ï ʘ); 

ʧʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʘ 10 ʢʣʘʩʩʦʚ ï ʙ)  

ʂʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʧʦʜʦʙʠʝ ʧʦʣʠʛʦʥʦʚ ʜʣʷ ʦʜʥʦʨʦʜʥʳʭ ʠ ʥʝʦʜʥʦʨʦʜʥʳʭ ʣʝʩʥʳʭ ʤʘʩʩʠʚʦʚ 

ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʨʘʩʯʝʪʘ F-ʪʝʩʪʘ ʥʘ ʧʦʜʦʙʠʝ (ʩʭʦʜʩʪʚʦ ʜʚʫʭ ʩʦʚʦʢʫʧʥʦʩʪʝʡ) ʠʟ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʥʘʙʦʨʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ Microsoft Excel. ʈʝʟʫʣʴʪʘʪ rʩʨʘʚʥʝ-ʥʠʷ ʨʘʟʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

ʧʦ ʢʨʠʪʝʨʠʶ ʧʦʜʦʙʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 7.  

ʊʘʙʣʠʮʘ 7  

ʉʨʘʚʥʝʥʠʝ ʧʦʣʠʛʦʥʦʚ ʣʝʩʥʦʛʦ  ʤʘʩʩʠʚʘ ʩ ʧʦʣʠʛʦʥʦʤ ʤʘʩʰʪʘʙʘ 1: 400 ʧʦ F-ʢʨʠʪʝʨʠʶ ʧʦʜʦʙʠʷ 

(ʩʭʦʜʩʪʚʘ ʜʚʫʭ ʩʦʚʦʢʫʧʥʦʩʪʝʡ)  

ʅʝʦʜʥʦʨʦʜʥʳʡ 

ʣʝʩʥʦʡ ʤʘʩʩʠʚ 

(ʩʤʝʰʘʥʥʳʡ 

ʣʝʩ- ʨʠʩ. 3ʙ)  

ʄʘʩʰʪʘʙ 

1:200  

ʄʘʩʰʪʘʙ 

1:300  

ʄʘʩʰʪʘʙ 

1:400  

ʄʘʩʰʪʘʙ 

1:500  

ʄʘʩʰʪʘʙ 

1:600  

ʄʘʩʰʪʘʙ 

1:700  

ʉʨʝʜʥʠʡ 

F-ʢʨʠʪʝʨʠʡ  

1ʧʦʜʢʣʘʩʩ 10 

ʢʣ. (ʣʝʩʘ)  
0,887588  0,912702  1  0,940233  0,865706  0,85056  0,911131  

 


